Objective: To compare the effectiveness of aquatic exercises with patient-education in individuals with knee osteoarthritis. Design: Randomized controlled trial with blinded assessor and intention-to-treat analysis. Setting: Aquatic Physiotherapy Centre and Primary Health Care Unit. Subjects: A total of 60 patients, aged 68.3 (SD = 4.8) with clinical symptoms and radiographic grading (Kellgren-Lawrence 1-4) of knee osteoarthritis were included. Interventions: An eight-week treatment protocol of aquatic exercise (n = 31) (16 individual sessions, twice a week) and an educational program (group sessions, once a week) (n = 29). Main measures: Before, after eight-week intervention, and a three-month follow-up with results for the following outcome measures: pain, function, quality of life, functional mobility, and depression. Results: At the end of treatment, the WOMAC (Western Ontario and McMaster Universities Osteoarthritis Index) functional capacity values reduced in favour of the aquatic exercise group for both the total score MD (mean difference) = -14.2; 95% CI (confidence interval) (-18; -10.5), P = 0.04 and the pain domain MD = -3.8 points; 95% CI (-8.71; -1), P = 0.021. The total score also reduced in the follow-up: (-24.7; -6.1), P = 0.017. No differences were found for the outcomes functional mobility or depression. Conclusion: Aquatic exercise improved pain and function after eight weeks, and function at the threemonth follow-up compared to the patient-education program.
Introduction
Osteoarthritis (OA) is known as a degenerative disorder of the joint cartilage associated with hypertrophic bone changes and is the most common form of arthritis, affecting more than 27 million people in the United States. 1 A variety of factors, including demographic, clinical, and biomechanical aspects, have been studied and associated with functional and pain status. 2 In addition, growing evidence suggests that psychological factors such as anxiety, fear, and depression may also relate to physical function in patients with knee osteoarthritis. 3 There is broad agreement on recommendations from the various organizations for non-pharmacologic modalities of treatment for knee osteoarthritis such as aerobic, aquatic, and/or resistance exercises, education/self-management, walking, as well as weight loss in overweight patients. 4 Results of systematic reviews/guidelines have pointed out that physical exercise is the most recommended nonpharmacological intervention for osteoarthritis patients and can reduce pain and enhance physical function of joints affected by osteoarthritis. 5, 6 Evidence with low to moderate quality has demonstrated no important differences in self-management, pain, symptoms, function, or quality of life for these patients when compared to self-management programs and other interventions such as exercise, social support, and acupuncture. 7 It has not been compared to an aquatic exercise program.
The most recent review about the use of aquatic exercise for the management of knee and hip osteoarthritis showed that it can be effective at the end of treatment with a small effect on pain, function, and quality of life. For only knee osteoarthritis, no positive results were found. Moreover, the authors recommended that future studies should be joint specific and set exercise programs with clearly described type and dose (intensity, frequency, and duration), 8 besides the comparison among several modalities used by physiotherapy.
Considering the rationale above, the role of selfmanagement programs compared to aquatic exercise still has not been investigated, including a well-described joint-specific exercise program and its results in long-term follow-up. Moreover, the aspects of psychosocial outcomes should also be compared for these modalities. Then, the aim of this study was to investigate the effectiveness of an aquatic exercise program compared to patient-education for individuals with knee osteoarthritis on pain, function, quality of life, and depression.
Method

Study design and selection criteria
A randomized controlled trial lasting eight weeks, with a three-month follow-up, according to the Consort-Statement, 9 was conducted at an Aquatic Physiotherapy Centre and in a Primary Health Care Unit between January 2015 and April 2016. This study was registered at ClinicalTrials.gov (NCT02247882). All procedures were approved by the University Ethics Committee (#27913514. 8.0000.5231).
Participants were recruited from the local Primary Health Care Unit, after being evaluated by a rheumatologist, who confirmed the diagnosis of knee OA according to the American College of Rheumatology 10 -including the Kellgren-Lawrence radiographic criteria, 11 aged from 60 to 85 years and presented adequate clinical and cognitive conditions for carrying out activities in the pool, confirmed by the Mini-Mental State Examination (24-30 points). 12 The Kellgren-Lawrence radiographic criteria indicated that most patients (58%) had a mild degree (grades 1 and 2), while others (42%) had a severe stage of radiographic abnormalities (grades 3 and 4).
The exclusion criteria were patients undergoing orthopaedic and neurological surgical procedures, those with coronary diseases, cancer, or uncontrolled hypertension, patients unable to walk without aid equipment, patients with contraindications to practice exercises or enter the pool, those participating in nutrition or physical activity programs in the previous two months, individuals with morbid obesity (body mass index > 40 kg/m 2 ), and those unable to continue the study due to change of address or scheduled hospitalization.
Procedures
In relation to random allocation process, numbers were generated from the site www.random.org using a random sequence from 1 to 100, with two columns. For allocation concealment, the numbers generated were placed in sealed, opaque envelopes containing the previously decided group names Aquatic Exercise or Education Program. The envelopes were numbered and placed in sequence. One of the members of the research group not involved with the study. After the baseline assessment, this individual informed the participants to which he or she was allocated, either the aquatic exercise or the educational program group.
The participants who met the eligibility criteria were assessed on three different occasions: at baseline, at the end of the treatment (eight weeks), and after a three-month follow-up. Participants were evaluated by two individuals in the morning period at the Laboratory of Biomechanics and Clinical Epidemiology. At the baseline assessment, the participants were informed about all the procedures and possible risks, signed the approved consent form, and anthropometric data (mass and height) were collected. Following these initial procedures, the questionnaires were completed, and the functions test performed.
Study interventions
The patient-education group program (five individuals per group) was designed and delivered by a multidisciplinary team: physician, pharmacist, nurse, nutritionist, psychologist, physiotherapist, and physical educator. The classes were weekly (total of eight), lasting 2 hours and were given at the Primary Health Care Unit. Following the suggestions by Coleman et al., 13 the guidance on the disease and its complications were included strategies for pain control (cognitive and pharmacological), physical exercise, nutrition, and weight control, medications (type, interactions, side effects, and updates), balance, proprioception, preventing falls, and how to deal with chronic pain. This group also received home knee osteoarthritis exercise guidelines for practice two to three times a week, which included warm-up, self-stretching, isometric and dynamic exercises, proprioceptive and functional exercises of the lower limbs, and cool down.
The aquatic program was performed individually twice a week, for eight weeks, each session lasting 60 minutes, totalling 16 sessions, provided by certified physiotherapists in the Aquatic Physiotherapy Centre. The water temperature was maintained at approximately 32°C (89°F), with a depth of 1.2 m. The exercise protocol consisted of specific exercises: 5 minutes of warm-up with walking, patellar mobilization; stretching the leg muscles (quadriceps, gluteus, adductors and abductors of hip, triceps surae, and hamstrings); 15 minutes of knee and hip isometric and dynamic exercises with elastic bands (gluteus, adductors and abductors, quadriceps, hamstrings, and triceps surae); 20 minutes of aerobic exercises (stationary running or deep water-running); 10 minutes of step training and proprioceptive exercises; and 10 minutes of cool down with massage and relaxation (Online Appendix 1). The selected exercises were based on studies for outcomes function, 8, 14 pain, 8, 14 balance, 15, 16 and aerobic capacity. 17 
Study outcomes
The primary outcome measures were pain, assessed by a Visual Analogue Scale 18 and functional capacity through the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). 19 The Minimal Clinically Important Difference for knee OA is -7.9 points for WOMAC total score. 20 The secondary outcomes recorded were quality of life, screen on depression, and functional mobility. Quality of life was measured using the Medical Outcome Study Short Form 36-item Health Survey (version 2.0) and an improvement of 5 points in the physical component score of the questionnaire is considered to be clinically significant. 21 The presence of depressive symptoms was defined as obtaining six or more points in the short version (15 items) of the Yesavage Geriatric Depression Scale. 22 The Timed Up and GO Test is a performance-based measure and the minimal detectable change of the test in individuals with grade 1-3 (Kellgren-Lawrence criteria) for knee osteoarthritis is 1.14 seconds. 23 The team involved in the study was blinded to which study group the patient belonged to throughout the measurements. Only two researchers were involved in the evaluation of the patients and the remainder were masked about this procedure.
Statistical analysis
The sample size was calculated for the outcome of pain using the formula proposed by Pocock 24 which considered an alpha = 0.05 and 80% power to detect a reduction of 30% in pain. 8 The estimated sample was 60 patients in the Aquatic Exercise Group and Educational Program groups.
The variables were analysed for normal distribution using the Shapiro-Wilk test and as the normality assumption was accepted, data are presented as mean and SD, mean differences (MD), and 95% confidence interval (CI). A Generalized Estimating Equation (GEE) 25 model through a specific syntax was employed for comparison within/between groups. A working correlation matrix was specified a priori and defined the hypothesized relationship between repeated observations on a subject. The model type was set up as a linear scale response. The standard error estimates were adjusted according to the hypothesized correlation between different time points of the outcome (primary and secondary). The Bonferroni tests for analysis by multiple comparisons were applied when appropriate. The statistical significance adopted for all tests was 5% and performed according to intention-to-treat analyses. All analyses were carried out using SPSS version 22.0 (IBM SPSS ® , Armonk, NY, USA).
Results
A total of 154 patients were screened for eligibility and 60 met the eligibility criteria and were randomized between January 2015 and April 2016. Thirty-one were allocated to the Aquatic Exercise group and 29 to the Educational Program group and received the interventions. Two patients were lost due to health problems (pneumonia and panic syndrome) before the follow-up evaluation, and nine dropped out of the sessions, giving a total of 28 patients in the Aquatic Exercise group and 21 patients in the Educational Program group (dropout rate 18.3%) (Figure 1 ) for follow-up evaluation. No side effects were reported during the treatment in either group.
Both groups were similar in the assessed characteristics and outcomes at baseline (Tables 1-3) . A statistically significant difference was found between groups for the Yesavage questionnaire MD = -1.7 points; 95% CI (-3.76; -0.31), P = 0.013 at baseline, although the scores did not indicate the presence of depression.
For the primary outcome of pain, no statistical differences were found between or within groups when assessed by the Visual Analogue Scale, but when the pain domain of the WOMAC questionnaire was assessed, statistical changes were found within and between groups in favour of the Aquatic Exercise group. In this group, the pain decreased at the end of treatment MD = -3.3 points; 95% CI (-6.56; -0.1), P = 0.031; and at the follow-up period MD = -3.1 points; 95% CI (-6.3; -0.03), P = 0.046. At the end of treatment, a significant reduction was noted in favour of the Aquatic Exercise group when compared to the Educational Program group, MD = -3.8 points; 95% CI (-8.7; -1), P = 0.021.
When function was analysed, WOMAC scores reduced after treatment MD = -11 points; 95% CI (-14.9; -9.6), P = 0.009 and at the end of follow-up MD = -11.8 points; 95% CI (-19.3; -3.6), P = 0.020 compared to baseline in the Aquatic Exercise group. The Minimal Clinically Important Difference was achieved, with 13 (41.9%) individuals overcoming these values at the end of treatment and 14 (45.2%) at the end of the follow-up period. Moreover, the scores statistically reduced in favour of the Aquatic Regarding the secondary outcome quality of life, improvements over time in the Aquatic Exercise group were observed, with statistically significant differences at the end of treatment MD = 9.6 points; 95% CI (2.9; 16.3), P < 0.001, and at the follow-up period MD = 10.6 points; 95% CI (3.5; 17. 8 
Discussion
This study showed that aquatic exercises, when compared to patient-education, were superior in improving function and pain in individuals with knee osteoarthritis, while quality of life and depressive symptoms presented no differences. The results of the group submitted to aquatic exercises were effective in improving pain, function, and quality of life after treatment, and function at the end of the three-month follow-up period.
The results indicated no differences between the groups or within the groups for pain when assessed by the Visual Analogue Scale. However, it should be noted that the mean baseline pain was moderate: 4.1 cm for the aquatic exercises patients and 4.6 cm for the Educational Program group; there was a decrease for the Aquatic Exercise group of 1.2 cm at the end of the eight weeks and in the follow-up, this value was maintained. On the other hand, for the Educational Program group, the reduction was 0.8 and 0.9 cm at the end and follow-up assessments, respectively. It is known that the minimal clinically important difference was not established for Visual Analogue Scale on osteoarthritis population; however, according to Tubach et al., 20 the minimal clinically important improvement varies depending on the baseline state: patients who have the most severe symptoms (which represented 48% of individuals according to the Kellgren-Lawrence criteria) must experience a greater change to consider them improved. In this case, improvements in pain in the present study can be considered satisfactory and must not be discarded within the groups.
However, when assessed by the WOMAC questionnaire (pain domain), changes were observed over time for the Aquatic Exercise group and by the end of the treatments between groups, also in favour of the Aquatic Exercise group. It is generally accepted that the WOMAC questionnaire has greater specificity and consequently better responsiveness for people with osteoarthritis when compared to Visual Analogue Scale, explaining the improvement just in the WOMAC questionnaire. 26 Aquatic exercise may have effects on pain because of fluid mechanics. The effect of buoyancy could reduce pain during exercise as the depth of immersion is directly related to the percentage weight bearing. 8, [27] [28] [29] [30] The hydrostatic pressure acts compressing the tissues and, in combination with the circulatory changes that occur with immersion, reduces swelling, permitting greater movement to reduce joint and soft-tissue stiffness and, therefore, improve pain complaints. 29, 30 A meta-analysis of trials investigating waterbased, aerobic and strengthening exercises, and spa therapy for osteoarthritis concluded that all have a positive effect on pain. 31 A Cochrane review of aquatic therapy for osteoarthritis of the hip or knee also concluded that pain may be decreased by aquatic exercises. 8 A recent clinical trial investigating aquarobic therapy (several types of exercises including aerobics in water, three times a week in 1-hour sessions, for a total of 36 sessions over 12 weeks) versus patient-education (two educational sessions delivered through lectures on osteoarthritis and the necessity of exercising), showed a statistically significant difference in pain. 32 The present study presented some similar methodological elements when compared to the aforementioned studies, for example, time of the sessions with a duration of 60 minutes, a minimum weekly frequency of two times and a minimum duration of eight weeks of intervention. When confronted with the types of exercises used in the programs, the clear majority (and the present study) was composed of warm-up, flexibility, dynamic and aerobic exercises. The present study differed in the addition of balance exercises, proprioceptive, deep-water running in the aerobic component and relaxation with the addition of massage in the periarticular musculature of the knees.
Educational programs have been statistically proven to be good in reducing pain, as evaluated by Coleman et al., 33 with a 6-week knee specific selfmanagement education program, delivered by health professionals. In a recent review including 29 studies (6753 participants), Kroon et al. 7 found that educational programs mildly reduced pain when compared with usual care. In the current study, the Aquatic Exercise group improved function over time and presented better results than the Educational Program group. The Aquatic Exercise group values of minimal clinically important difference from the WOMAC questionnaire were achieved at the end of treatment and at the follow-up period.
This positive result was also reported in the systematic reviews published by Barker et al., 34 and Bartels et al., 8 aquatic therapy mildly improved physical function both in patients affected by musculoskeletal, and in patients with combined hip and knee osteoarthritis. In another systematic review, aquatic physiotherapy was compared with exercises on land by Batterham et al., 14 for function, mobility, and health outcomes. No favourable results were found for either group. In conclusion, the authors suggested the option of aquatic exercises for individuals who have difficulty in attending on land.
Functional improvements were reflected by changes in several measured parameters, such as pain and quality of life. It is generally accepted that the WOMAC questionnaire has greater specificity and consequently better responsiveness for people with osteoarthritis; 26 nonetheless, the Medical Outcome Study Short Form 36-item Health Survey also reflected these changes.
Educational programs have also proved beneficial in improving function in some clinical trials: Bezalel et al. 35 reported a reduction in the WOMAC total score after four weeks of treatment and at the eight-week follow-up, between education and control groups. Similar findings were listed by Carvalho et al., 36 after three months of treatment. Coleman et al. 33, 37 reported improvements in WOMAC total score at the end of a 12-month treatment, as well as after an 8-week intervention and a 6-month follow-up period. Contrary to these findings, a recent review did not show differences between self-management programs or any other intervention for the function outcome. 7 In the present study, positive effects were seen in quality of life in the Aquatic Exercise group and the minimal detectable change values were achieved at the end and at follow-up period. Two systematic reviews showed improvement in quality of life using the aquatic therapy modality. Bartels et al., 8 at the end of aquatic exercise treatment for combined knee and hip osteoarthritis, showed a small effect on quality of life. Moderate improvements were reached by Barker et al., 34 when comparing aquatic exercise with no exercise for musculoskeletal conditions.
The reasons that justify the effectiveness of educational programs for health outcomes are still not well understood and can be justified by many different factors. Moreover, the meta-analysis of educational programs has concluded that it is difficult to compare models between different chronic conditions, which is also the case for different types of arthritis. 38 The present educational program was developed specifically for the population with knee osteoarthritis, aimed at decreasing pain as well as improving function and quality of life, delegated by professionals with experience. Information about the disease and the benefits of exercise were incorporated into the constructs of self-knowledge to improve self-efficacy and changes in the behaviour of these individuals. Using the knowledge and skills of health professionals is a major component of the educational program because knowledge is an important part of self-efficacy and no amount of trust will succeed unless the necessary knowledge and skills are present. 39 Understanding the rationale for adopting concepts in the program allows participants to become self-motivated to change behaviour and thus to be more adherent in the long term. 40 In the present investigation, functional mobility, assessed by the Timed Up and Go Test, did not demonstrate significant differences within or between groups, but in the Educational Program the minimal detectable change was achieved at the end of the treatment (2.3 seconds) and at the follow-up period (1.3 seconds). The same test was investigated in a clinical trial which compared an orientation (manual with guidelines on how not to overload the knee in daily activities and instructions for pain and medication) and an exercise group (on land, twice a week, eight weeks, involving stretching and strengthening of the quadriceps). 41 At the end of the treatment, there was no statistically significant difference in the pre-and post-intervention evaluation in the orientation group.
However, in the exercise group, there was a statistically significant difference in Timed Up and Go Test scores. Comparing the groups, a higher improvement in the Timed Up and Go Test in the exercise group compared to the orientation group was observed. When investigating water-based exercise, a recent study compared the effects of two aquatic exercise programs (aqua-fitness program and seated aqua-based exercise program) on physical function for 12 weeks in individuals with osteoarthritis (hip, hands, knee or spine) and no significant changes in Timed Up and Go Test were observed. 32 Both instruments (WOMAC and Timed Up and Go Test) were used to evaluate function, but WOMAC showed better improvement compared to Timed Up and Go Test, regarding its greater specificity to people with osteoarthritis and consequently better responsiveness.
With respect to the screen on depression, no differences were found between or within the groups of the present study. At baseline, the individuals showed no signs or symptoms of depression (<6 points from the questionnaire) and both treatments appeared to maintain this status. Scopaz et al. 3 investigated the association between fear, anxiety, and depression with physical function in individuals with knee osteoarthritis. Depression may influence scores in function under conditions of low anxiety and no results were found when correlating the Timed Up and Go Test and depression.
Axford et al. 42 proposed a clinical trial (educational versus no treatment) consisting of four 1-hour group sessions led by a trained registered nurse. The sessions covered information about the disease, medication and other treatments, activities (exercise and relaxation), and skills (strategies for pain management) guided by a special booklet for both groups. A complex interrelationship between depression, pain, disease knowledge, and physical ability in patients with knee osteoarthritis was demonstrated. All patients showed a progressive decrease in mental health over the duration of the study and greater pain scores were associated with reduced coping, increased depression, and reduced physical ability. The authors concluded that the treatment of depression and pain may be paramount to the successful treatment of knee osteoarthritis, and these factors should be considered for each patient. Kim et al. 43 investigated depression symptoms with another questionnaire comparing a non-equivalent control group and 36 sessions of an aquarobic exercise program (60-minute sessions, three times per week). At the end of the protocol, the aquarobic group presented significantly reduced depression values compared to the control group.
Some limitations of this study are listed as follows: a high dropout rate (especially in the Educational Program group) may have jeopardized the results, even using the intention-to-treat analysis. The Education Program Group does not receive an equivalent amount of supervised land-based exercise when compared to the Aquatic Exercise group. The heterogeneity of the groups in relation to the outcome of depressive symptoms in the baseline evaluation should also be taken into consideration.
New clinical trials are needed to confirm the effects of aquatic exercise and educational programs on patients with knee osteoarthritis, including the cost-effectiveness outcome. High-quality studies that follow the recommendations of the Consort-Statement 20 are required, as well as stand-ardization of outcomes and interventions to facilitate comparisons.
Clinical Messages
• • Aquatic exercise program (16 sessions, twice a week) was superior when compared to the educational program (eight sessions, weekly, lasting 2 hours) in pain and function, at the end eight weeks and after three-month follow-up, for patients with knee osteoarthritis.
